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AnHoTtanus. [IpeacraBieHbl pe3ynbTaThl YHCICHHBIX JKCIEPUMEHTOB TUHAMUKH
I'PaBUTAIIMOHHO B3aMMOJCHCTBYIOMUX N-4acTHI] C UCTIOIB30BAHUEM Pa3IMIHBIX Tpadu-
YECKUX MPOIECCOPOB B pamkax anroputma «Particle-Particle» ¢ mpuMeHeHHEM TEXHO-
norun CUDA.

KnarwueBble ciioBa: MonenupoBanue N-Tei, rpadruecKre MpoLeccophl, mapaieb-
HOe MporpaMMUpoOBaHue, yckopenue Beruncienuit, CUDA.

BBenenue. 3agauya N-te

Mopenp N-Ten akTUBHO HCHOJIB3YeTCS JUIsl pEelIeHHs IIMPOKOro Kpyra 3afad, B KOTOPBIX
BAXKHYIO POJIb UTPAIOT KOJUIEKTUBHBIE IIpouecchl. B3aumoneicTeue B 3anade N-Tell OIpeaeisiercs
Mexay mapamu dactuil. Crta, JeHCTBYIOMAs HAa OJHY i-4acTHILY, SIBISETCS CYMMOW BKJIAJIOB OT
BCEX OCTalbHBIX yacTull. Kaxkmoe Teno cucreMbl XapakTepusyercs HabOpoM mapaMmeTpoB (Macca,
CKOPOCTb, MOJIOKEHUE B MpOCTpaHCTBe). [l onmpeneneHus 3aKoHa ABMIKEHHS BCEX 4acTHUI] HeoO-

XOJMMO yMETh PAaCCUUTHIBATh YCKOPCHUS, OOYCIOBICHHBIC CHUJIOBBHIM BIUSHHEM Ha Hee IPYTHUX
JaCTHUIL:

Fij
a =32, n
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rae F;; — cuma, ¢ KOTOpoH j-uacTuiia ASUCTBYET Ha i-dacTuily. IIprmMepsl MOTEHITHAIOB B3aUMOJCH CTBUS
ij

MpUBeeHbI B [2; 4]. JIis rpaBUTAIIMOHHOIO B3aUMOJICHCTBUS, HA OCHOBaHUH (hopmyiibl (1), umeem

— N mj (7 _
@i = 6L juif o 7 -7). )

HemnocpencTBenHbIe BRIYUCIICHUS IO (opmMylie (2) SBISIOTCS JOCTATOYHO PECYpPCOEMKHMU: JIsS
N-uactun o6beM Berumcienuit pacrer kak O(N?2). T1o3ToMy HOMHMO TpPAMBIX METONOB s dhdeK-
THBHOT'O MOJICIIMPOBAHHS UCIIONB3YIOTCS U O0Jiee CIIOKHBIE CXEMBI, TIO3BOJISIONINE COKPATHTh 00hEM
Berunciaenuit o O(NlogN) [5].

AJIbTEpHATHBHBIM CIIOCOOOM COKpAIeHUs BPEMEHH PAacUeTOB SIBIISICTCS UCIIONB30BAHUE TEXHO-
JIOTHH TIapaJuIeNbHBIX BBIUMCICHUN Ha rpaduueckux mporeccopax. Haumbonee nmpoaBuHyTOlH B Ha-
crosimee Bpemsi cuntaercs Texaonorus CUDA.

[NapannensHas peanusaiys MOCTPOEHA C YU€TOM BBIPABHUBAHHS M UCIOIH30BAHUEM pasense-
Moii mamsaTH [1]. Mexanusm B3aumoseiictsust Huted apyr ¢ apyrom B CUDA peann3oBaH mpu momo-
¥ BCTpoeHHOH (¢yHKIuu _syncthreads() [3].

Pe3yJ11)TaTI>I MOAEJIUPOBAHUSA

Beumu mpoBeeHbl TeCThl MapalIebHON peain3alny 3a1a4d N-Teln Ha TpapUuYecKuX MpoIecco-
pax GeForce GTX 850, Tesla C2070. YckopeHue OleHHBaIOCh MO0 OTHOIICHHUIO K MOCIIEI0BATEILHO-
My anroputmy ucnoiHsemoMm Ha CPU Intel Core 17 (cM. pUCYHOK).
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YCKOpeHI/Ie B 3aBUCUMOCTHU OT pasMEPHOCTU 3aJa4uun

3akjaoyenune

HapaﬂﬂeJIBHBIe BBIYUCIICHUA NPU MOACIUPOBAHUU 3BOJIIOLUHA FpaBI/ITI/Ip}IIOHIeﬁ CHUCTEMBI C HUC-
noJsib3oBanueM TexHoiaorud CUDA moka3biBatoT ¢Boro 3(h(PEeKTHBHOCTh M MOT'YT BapbUPOBATHCS B 3a-
BHCHMOCTH OT BBIYHCIIUTEIIHLHOM MOIITHOCTH, pasMEPHOCTH U CHeI_[I/I(bI/IKI/I 3aJa4r, OIITUMAJIbHOCTHU Ha-
MUCAaHHOTrO Koja. s crienuanu3upoBaHHBIX TpagUUIecKuX MPOIECCOPOB B 3ajade N-Ten yCKOpeHue
BBIYHMCICHUN MOYKET JocTurath nopsiaka 100 u Oosee pas.

50 HU.B. Kpvinos. UccnenoBanne 3¢ (eKTUBHOCTH MapajuiebHBIX BBIYUCICHUH PU MOJIETUPOBAHUH



KOMIIBIOTEPHOE MOJEJINPOBAHUE

IIPUMEYAHUE

' PaGora BhInONHEHA NIpU MOUIEpKKe TpaHTa PODU Ne 15-02-06204.

CIIHCOK JINTEPATYPbI

1. BopeckoB, A. B. OcnoBsl pabots! ¢ Texnoiorueit CUDA / A. B. bopeckos, A. A. XapiaamoB. — M. :
JMKITIpecc, 2010. — 232 c.

2. Mopo3zos, A. I'. ®usuka auckoB / A. I'. Mopo3os, A. B Xonepckos. — Bosirorpan : M3n-so Bonl'V,
2005. —415c.

3. Cangepc, k. Texnonorus CUDA B npuMmepax: BBeICHHE B IIPOrPaMMHPOBAaHUE rPpaUISCKUX MPOIeC-
copos / JIxx. Cannepc, D. Kesunpot. — M. : IMK Ilpecc, 2011. —233 c.

4. ®puaman, A. M. ®usnka ranakrudeckux nuckoB / A. M. ®dpuaman, A. B. Xomnepcko. — M. : ®uzma-
T, 2011. — 645 c.

5. Barnes, J. A hierarchical O(N log N) force-calculation algorithm / J. Barnes, P. Hut // Nature. —
04.10.1986. — Vol. 324. — P. 446-449.

REFERENCES

1. Boreskov A.V., Kharlamov A.A. Osnovy raboty s tekhnologiey CUDA [Basics of CUDA Technology
Use]. Moscow, DMKPress Publ., 2010. 232 p.

2. Morozov A.G., Khoperskov A.A. Fizika diskov [The Physics of Disks]. Volgograd, Izd-vo VolGU,
2005. 415 p.

3. Sanders J., Kendrot E. Tekhnologiya CUDA v primerakh: vvedenie v programmirovanie graficheskikh
protsessorov [CUDA Technology in the Examples : an Introduction to the Programming of Graphics Proces-
sors]. Moscow, DMK Press, 2011. 233 p.

4. Friedman A.M., Khoperskov A.A. Fizika galakticheskikh diskov [The Physics of Galactic Disks]. Mos-
cow, Fizmalit Publ., 2011. 645 p.

5. Barnes J., Hut P. A hierarchical O(N log N) force-calculation algorithm. Nature, 1986, vol. 324,
pp. 446-449.
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Abstract. N-body model is widely used for a wide range of problems in which the im-
portant role is played by collective processes. Interaction in the N-body problem is defined
between pairs of particles. The force acting on one i-particle is the sum of contributions
from all other particles. Each body of system is characterized by a set of parameters
(weight, speed, position in space).

Calculation of the acceleration caused by power influence of other particles on it is ne-
cessary for definition of the law of all particles movement. Calculations on algorithm are
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quite demanding: for N particles the volume of calculations grows as O(N?). The direct me-
thods and difficult schemes allowing to reduce the volume of calculations to O (NlogN) are
used for effective modeling. An alternative way to reduce time of calculations is the use of
technologies of parallel computing on GPUs.

The CUDA technology is considered the most advanced now. The parallel program is
constructed taking into account alignment and use of the shared memory. The mechanism of
interaction of threads among themselves in CUDA is realized by means of the built-in sync-
threads function.

The results of numerical experiments of the dynamics of gravitationally interacting
N-particles are presented using a different graphics processors as a part of the algorithm
“Particle-Particle” and using technology CUDA.

Key words: N-body simulation, GPU, parallel programming, acceleration of calcula-
tions, CUDA.
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